ABSTRACT Three experiments were conducted to determine the effects of age on apparent ME n and apparent amino acid (AA) digestibility of various diets for New Hampshire × Columbian (Experiments 1 and 2) and commercial broiler (Experiment 3) male chicks. Excreta were collected at 0 to 2, 3 to 4, 7, 14, and 21 d of age in all experiments, and nutrient digestibility was determined using acid-insoluble ash as a marker. The first experiment evaluated a corn-soybean meal (SBM) diet. Both ME n and digestibility of AA increased with age, and broken-line regression analysis predicted a plateau at 14 d for ME n and 10 d of age for AA digestibility. For example, ME n increased from 2,970 to 3,430 kcal/kg DM, and lysine digestibility increased from 78 to 89% between 0 and 14 d of age. The second experiment evaluated cornstarchcrystalline AA, dextrose-casein, corn-SBM, and corn-canola meal diets. The ME n of the corn-SBM, corn-canola meal, and cornstarch-crystalline AA diets increased from
INTRODUCTION
The current nutrient recommendations of the NRC (1994) for young broiler chicks pertain to 0 to 21 d posthatching. Likewise, only one ME value and one amino acid (AA) digestibility value are given for each feed ingredient in the NRC (1994) tables for poultry. Thus, it is generally assumed that nutrient digestibility does not change with increasing age. However, reports have shown that early growth of the small intestine is very rapid and exceeds that of body weight until 6 or 7 d of age for both chicks (Nitsan et al., 1991; Obst and Diamond, 1992) and poults (Sell et al., 1991) . In addition, digestive enzyme concentrations have been reported to increase through the first 14 d of age (Nitsan et al., 1991; Sell et al., 1991) . Uni et al. (1995) reported that villus height and width increased 25 to 100% in all segments of the small intestine between 4 and 10 d of age. Thus, during this 2002 Poultry Science Association, Inc. Received for publication June 15, 2001 . Accepted for publication October 18, 2001. 1 To whom correspondence should be addressed: poultry@uiuc.edu. 400 0 to 14 d of age. In contrast, the ME n of the dextrosecasein diet was high (3,800 kcal/kg DM) immediately after hatching and did not increase substantially with increasing age. Digestibility of AA increased with age for the corn-SBM and corn-canola meal diets, and brokenline regression analysis again predicted a plateau at approximately 10 d of age. Conversely, AA digestibility of the dextrose-casein and cornstarch-crystalline AA diets was high immediately after hatching (93 to 96%) and increased only slightly with age. The results of Experiment 3 with commercial broiler chicks also showed significant (P < 0.05) increases in ME n and AA digestibility with increasing age. The results of this study indicated that the ME n and AA digestibility of corn-SBM and corncanola meal diets increase with age for young chicks. The results also showed that ME n and AA digestibility were very high for a dextrose-casein diet immediately after hatching. Thus, the latter ingredients may have beneficial effects for very young chicks. development and maturation of the digestive system in young poultry, dietary nutrients may be poorly utilized, especially during the first 7 to 10 d posthatching.
A few studies have shown that ME values of diets are lowest between 4 and 7 d posthatching in chicks (Zelenka, 1968) and turkeys (Sell, 1996) and then increase with age. In studies with birds over 2 wk of age, some authors have found that ME values were not affected by age (Siregar and Farrell, 1980) , whereas others have reported a decrease in ME with increasing age (Bartov, 1988) .
Only one study has been conducted to evaluate protein or AA digestibility in chicks less than 7 d of age. Noy and Sklan (1995) reported an increase in ileal nitrogen digestibility from 78% at Day 4 to nearly 90% at Day 21 for broiler chicks fed a corn-soybean (SBM) meal diet, and they concluded that proteolytic activity in the intestines may not be sufficient in the early posthatch period for maximal hydrolyzation of exogenous and endogenous protein. The results of studies with older chicks (2 wk or more) have been inconsistent. Some authors have reported increases in protein and AA digestibility with inAbbreviation Key: AA = amino acid; SBM = soybean meal. creasing age (Wallis and Balnave,1984; Ten Doeschate et al., 1993) , whereas others have reported a decrease in protein and AA digestibility with increasing age (Haakansson and Eriksson, 1974; Fonolla et al., 1981; Zuprizal et al., 1992) . To our knowledge, no research has been published on AA digestibility during the first 2 wk of a chick's life. The objective of the research herein was to determine the effects of age on nutrient digestibility and utilization for a wide variety of diets fed to very young chicks. Emphasis was placed on the first 2 wk posthatching, because little research has been published and previous studies have indicated that most changes in gut morphology, growth, and digestive enzymes occur during this period.
MATERIALS AND METHODS

General Procedures
All procedures were approved by the University of Illinois Committee on Laboratory Animal Care. Chicks were housed in thermostatically controlled starter batteries 2 with raised wire floors in an environmentally controlled building. At hatch, chicks were weighed, wingbanded, and randomly allotted to pens so that each pen of chicks had a similar initial weight and weight distribution. Chicks were allowed ad libitum access to each experimental diet from 0 to 21 d posthatching. Body weight of individual chicks within each replicate group and group feed intakes were measured at weekly intervals. Weight gain and feed efficiency (gain:feed) were then calculated for each pen replicate.
For determination of apparent ME n and apparent AA digestibilities, excreta from each pen were collected for 24-h periods on Days 1 and 2 (0 to 2), Days 3 and 4 (3 to 4), Day 7, Day 14, and Day 21 posthatching and were freeze-dried. Feed and excreta samples were then ground to pass through a 60-mesh screen and analyzed for gross energy using an adiabatic bomb calorimeter.
3 Crude protein and fat were analyzed with procedures of the Association of Official Analytical Chemists (1980) (7.015 and 7.056, respectively). Amino acid concentrations in the feed and excreta were determined using ion exchange chromatography following hydrolysis in 6 N HCl for 24 h at 110 C (Spackman et al., 1958) . Analysis of methionine and cystine were conducted following performic acid oxidation by the method of Moore (1963) , except that samples were diluted with water and lyophilized to remove excess performic acid. Starch determination of feed and excreta were performed by the procedures described by Thivend et al. (1972) . The concentration of acid-insoluble ash in the feed and excreta was determined with the method described by Vogtmann et al. (1975) . The ME n of the diets was calculated using the equation described by Hill and Anderson (1958) . 
Experiment 1
The objective of this experiment was to determine if age affects nutrient digestibility of a corn-SBM diet. Eight pens of eight New Hampshire × Columbian male chicks were fed a corn-SBM diet (Table 1 ) from immediately after hatch to 21 d of age.
Experiment 2
This experiment was conducted to confirm the results from Experiment 1 for the corn-SBM diet and to evaluate the effects of age on nutrient digestibility for widely differing diets. Six pens of eight New Hampshire × Columbian male chicks were fed one of four diets from 0 to 21 d. The four dietary treatments were as follows: corn-SBM, corn-canola meal (Table 1) , crystalline AA, and dextrosecasein diets (Table 2 ). The corn-canola meal diet was evaluated because canola meal is a protein source commonly used in poultry diets. The crystalline AA and dextrosecasein diets were evaluated because they are purified or semi-purified diets that we have used extensively in our laboratory for many years, and they would be expected to be more easily and highly digested than the corn-SBM and corn-canola diets.
Experiment 3
The objective of this experiment was to determine whether the effects of age on dietary energy and AA digestibilities observed in Experiments 1 and 2 using New Hampshire × Columbian chicks would also be observed Diet contained 21.3% CP and 3,278 kcal/kg TME n (calculated). in commercial broiler chicks. Eight pens of eight Ross × Arbor Acres male chicks were fed a corn-SBM diet (Table  1 ) from 0 to 21 d posthatching. FIGURE 1. Fitted broken-line plot of ME n values for a corn-soybean meal diet as a function of age (Experiment 1). The breakpoint or maximum ME n value of 3,438 occurred at 14 d of age as determined by broken-line analysis using least-squares methodology [Y= 3,428 + 34.3 (X< 13.8); r 2 = 0.87], where Y = ME n , and X = days of age.
Statistical Analysis
Data from all experiments were subjected to analysis of variance procedures for completely randomized designs (Steel and Torrie, 1980) by using the general linear models procedure of SAS software (SAS Institute, 1990) . Data for nutrient digestibility were analyzed to determine age effects for diets in all experiments, and data for growth performance and nutrient digestibility were also analyzed to determine diet effects at different ages in Experiment 2. Statistical significance of differences among diets and day of age were assessed using the least-significant difference test (Steel and Torrie, 1980) . The maximal ME n and AA digestibility values for day of age in Experiments 1 and 2 were estimated with single-slope broken-line regression methodology (Robbins et al., 1979) .
RESULTS
Experiment 1
The results for the apparent digestibility of the corn-SBM diet are shown in Table 3 and Figures 1 and 2. The ME n value increased with age, with broken-line regression analysis predicting a plateau at 14 d of age ( Figure  1 ). The apparent digestibility of starch and fat also increased 6 and 18%, respectively, with increasing age to 14 d of age. Digestibility of AA increased with age, reaching a plateau by 10 d of age as estimated by broken-line regression analysis (lysine shown as an example in Figure  2 ). Apparent digestibility of arginine and threonine increased 6 and 22%, respectively, with increasing age (range from lowest to highest among AA).
Experiment 2
Chicks fed the dextrose-casein and corn-SBM diets had significantly (P < 0.05) better weight gains at 1 wk than chicks fed the crystalline AA or corn-canola meal diets (Table 4) . At the end of 3 wk, chicks fed the corn-SBM diet had higher weight gains than chicks fed the other diets, and weight gains of chicks fed the crystalline AA diet were much lower than for chicks fed the other diets. Feed efficiency was significantly (P < 0.05) better at 1 wk for chicks fed the dextrose-casein diet as compared to chicks fed the corn-SBM, corn-canola meal, or crystalline AA diet (Table 4) . However, by 3 wk, there were no significant differences (P < 0.05) among the feed efficiencies of chicks fed the dextrose-casein, corn-SBM, and corncanola meal diets. Feed efficiency of chicks fed the crystalline AA diet was lower than that for the chicks fed the other diets.
The ME n values increased with age for the corn-SBM, corn-canola meal, and crystalline AA diets from 0 to 14 d of age (Table 5) . A small improvement (0.8%) was observed for the ME n of the dextrose-casein diet only at 21 d of age, and the increase was much less than that observed for the other diets. When comparing the ME n values among diets at the same age, the dextrose-casein diet Means within a row with no common superscript differ significantly (P < 0.05).
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Means represent eight pens of eight chicks per treatment.
was consistently high at all ages and significantly (P < 0.05) higher than the other diets at 0 to 2 and 3 to 4 d ( Table 5 ). The ME n of the crystalline AA was not different from the dextrose-casein diet after 7 d of age. The ME n of the corn-canola meal diet was significantly (P < 0.05) higher than the ME n for the corn-SBM at all ages. The ratio of ME n to gross energy of the diet increased with age for corn-SBM, corn-canola meal, and crystalline AA diets from 0 to 14 d of age (Table 6 ). The ME n per gross energy ratio was high at all ages for the dextrosecasein diet and increased only slightly at 21 d. When comparing the ratio of ME n to gross energy among diets at the same age, values were significantly (P < 0.05) higher for the corn-SBM diet than the corn-canola meal diet at all ages. The ME n per gross energy ratio for the crystalline AA and the dextrose-casein diets were significantly (P < 0.05) higher than those for the corn-SBM and corn-canola meal diets at all ages.
Digestibility of all AA increased with age for the corn-SBM and corn-canola meal diets (Table 7) . For example, broken-line regression analysis predicted that digestibility of lysine reached a plateau at 10 d of age for the corn-SBM diet. Similar results were observed for other AA in the corn-SBM and corn-canola meal diets. With the exception of cystine in the dextrose-casein diet, digestibilities of AA in the dextrose-casein and crystalline AA diets were high initially and increased only slightly with age. When comparing AA digestibility among diets, values for the dextrose-casein and crystalline AA diets were generally high and significantly (P < 0.05) higher than the corn-SBM and corn-canola meal diets within the same age. Differences between the latter two diets, when occurring, were not consistent. Digestibility values for the dextrose-casein diet and the crystalline AA diet were generally similar, although digestibility values for several AA were slightly higher for the dextrose-casein diet for the first 7 d posthatching. The opposite occurred for cystine.
Experiment 3
When commercial chicks were fed the corn-SBM diet, the ME n increased with age until 21 d (Table 8 ). The ME n at 0 to 2 d was higher than those at 3 to 4 and 7 d of age. Digestibility of AA also increased to 21 d of age, and again, most values at 0 to 2 d of age were higher than those at 3 to 4 d of age. Due to the higher values at 0 to 2 d versus 3 to 4 d, the broken-line regression model could not be used to predict maximal ME n and AA digestibility.
DISCUSSION
Our results clearly show that nutrient digestibility increases with increasing age for chicks. Our results for ME n are in agreement with those that have been reported by Sulistiyanto et al. (1999) who found that utilization of energy-yielding foodstuffs is age dependent. Their results and ours suggest that by 14 d of age, the chick is able to efficiently utilize the energy in the diet. Sulistiyanto et al. (1999) suggested that the improvement in the ME n of a Means within a column with no common superscript differ significantly (P < 0.05). Means within a row with no common superscript differ significantly (P < 0.05).
w-z
Means within a column with no common superscript differ significantly (P < 0.05). corn-SBM diet with age is due primarily to changes in utilization of the SBM. Our results suggest that the increased ME n of the corn-SBM diet was due to more than just increased digestibility of the SBM, because the digestibility of the starch and fat also increased with age. The SBM contains very little of these. Thus, the increased ME n of the corn-SBM diet with age was probably due to a combination of increased utilization of the starch in the corn, the fat in the corn and added soybean oil, the protein in the corn and SBM, and possibly other carbohydrates in the corn and SBM (e.g., nonstarch polysaccharides and Means within a row with no common superscript differ significantly (P < 0.05).
Means within a column with no common superscript differ significantly (P < 0.05). oligosaccharides such as raffinose and stachyose). The increased ME n of the corn-canola meal diet probably occurred for the same reasons. The increased ME n of the crystalline amino acid diet with age is likely due to increased digestibility of the cornstarch and soybean oil. The very high ME n of the dextrose-casein diet indicates that glucose is highly utilized by the very young chick. Thus, this diet may have beneficial effects for the very young chick. The lower availability of dietary energy for the first 4 to 7 d posthatching can be ascribed to the underdevelopment of digestive enzyme activity and gas- Means within a row with no common superscript differ significantly (P < 0.05).
Means within a column and amino acids with no common superscript differ significantly (P < 0.05). Means within a row with no common superscript differ significantly (P < 0.05).
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trointestinal function (Nitsan et al. 1991; Noy and Sklan, 1997) .
Research has also shown that digestive enzymes may be limiting for adequate nutrient utilization posthatch in chicks (Nitsan et al. 1991) and poults (Sell et al. 1991) and that the concentration of these digestive enzymes increase posthatch. As suggested by Zelenka (1968) , the initial higher ME n at 0 to 2 versus 3 to 4 d and 7 d of age observed in Experiment 3 may be mainly due to a beneficial effect of the yolk, which is being utilized during this time. During the first few days after hatch, the ME value of a poultry diet is favorably affected by the influence of the residual yolk and diminishes rapidly with absorption of the contents of the yolk sac (Zelenka, 1968) .
Age-dependent increases in AA digestibility up to 10 d after hatching were observed with the corn-SBM and corn-canola meal diets. Noy and Sklan (1995) also reported that nitrogen digestibility of broiler chicks increased with age from 4 to 21 d of age. Higher AA digestibility values with age may be explained by increased activity of protease enzymes, by increased efficiency of AA absorption, and by development of the gastrointestinal tract. In an experiment with young turkeys, Krogdahl and Sell (1989) reported increased trypsin and total protease activities during the first 14 to 21 d after hatch. In our study, AA digestibility was very high and was not affected by age when chicks were fed a dextrose-casein or crystalline AA diet, indicating that chicks have a high ability to absorb AA and to digest easily digested proteins. The latter agrees with results from Sulistiyanto et al. (1999) who found that casein was very highly digestibile immediately after hatch.
As mentioned earlier for ME n , the high digestibility of the dextrose-casein diet indicates that this diet may be beneficial for very young chicks. The low apparent digestibility values for cystine in the dextrose-casein diet may be largely explained by endogenous losses. The cystine content of this diet is very low, resulting in very low intake of cystine.
Results from Experiment 3 indicate that the effects of age on nutrient digestibility observed with our New Hampshire × Columbian crossbred chicks will also be observed in commercial broiler chicks. The changes in AA digestibility, however, were somewhat larger with increasing age for the crossbred chicks. These results suggest that there may be a more sensitive model than the commercial chicks for evaluation of effects of age on nutrient digestibility; however, this is speculation at this point, as there is only one experiment for comparison.
The reason for the poor growth performance of chicks fed the crystalline AA diet is unknown. Chicks fed this diet grew more slowly than did those fed the other diets, even though the digestibility of energy and AA was high. Perhaps this diet is deficient in one or more nutrients or the diet resulted in slower development of the gastrointestinal tract. Further work in our lab (unpublished data) indicates that development of the small intestine (villus width and crypt depth) is greatly reduced in chicks fed the crystalline AA diet compared to those fed the corn-SBM diet.
